Abstract-We present a new improved design of the selfgrounded dual-polarized wideband bowtie antenna for MIMO application. The antenna is evaluated for the case when the original four ports are combined to two orthogonally polarized ports. The new antenna covers the previous bandwidth but has lower gain and wider beamwidth over the frequency band of interest. The 2x2 MIMO performance of the antenna in RandomLine of Sight (Random-LOS) is evaluated for two bitstreams using the threshold receiver model and Zero-Forcing receiver. The simulated results show an improvement in terms of MIMO multiplexing coverage over a hemisphere for two bitstreams, compared to the previous solution.
I. INTRODUCTION
The increasing demand for communication systems with higher capacity and data rata has made an interest in MIMO technology [1] . Making use of multiple antennas at both the transmitter and receiver sides can increase the capacity of the channel and improve the reliability of the system without increasing the input power or frequency bandwidth. Having the constraint of compactness and high isolation between antenna ports calls for the use of polarization-MIMO, where two orthogonal polarizations are used as MIMO subchannels [2] . Almost all the previous studies on polarization-MIMO analyzed the antenna in a multipath environment. However, there might be a LOS component between the transmitter and the receiver and this contribution will increase at higher frequencies. Therefore, a characterization method to evaluate the performance of the antenna in a pure LOS propagation condition becomes essential. However, this LOS component is random in terms of Angle-of-Arival (AoA) and polarization due to the randomness of location and orientation of the user side. This we call Random Line Of Sight (Random-LOS). The Random-LOS characterization of a bowtie micro-basestation antenna for MIMO systems was introduced in [3] . We discovered in [4] a performance degradation of this self-grounded bowtie antenna when it was excited for two orthogonally polarized ports in Random-LOS. In the current paper, we improve the performance of the previously designed antenna in Random-LOS by simulations using CST Microwave Studio. The Probabilities of Detection (PoD) are obtained by postprocessing using the MATLAB-based simulation tool named Virmlab [5] , and the threshold receiver model [6] . Some PoD performance characteristics of polarization-MIMO in Random-LOS is given in [7] .
II. GEOMETRIES, S11 AND DIRECTIVITIES
The geometry of two different designs of the self-grounded dual-polarized bowtie antenna are shown in Fig.1 . Both antennas consist of 4 petals attached to the ground. Two opposite petals are, in this paper, excited differentially which results in two orthogonally polarized ports. In the previous design (top figure), the petals are bended over half a virtual cylinder [8] . In the improved design (bottom figure) the bending procedure over virtual cylinder is changed and the bending is performed over 5/8 of a cylinder. This new bending approach will gives us more freedom to control the length of the petals which comes straight out of the feeding point and makes the structure more flexible to optimize the radiation pattern in a desirable manner. The heights (H) are 29.5mm and 33.6mm and the largest dimensions (W) are 111mm and 104mm for the previous and new designs, respectively. The simulated reflection coefficients and directivities of both designs are shown in Fig. 2a . As can be seen, the reflection coefficient is below -10 dB within 1.6 to 3GHz for both cases. However, the previous design has lower reflection coefficient at the lower frequencies, but the new design has larger -10dB bandwidth. The directivity is 5-6.5dBi and 2.9-4.3dBi for the previous and new structures, respectively (Fig.2b) . Hence, while the previous antenna is more directive, the new design has a wider beamwidth which, as we going to show next, results in better MIMO performance in the desired +/-90˚ angular coverage. 
III. MIMO PERFORMANCE
After plotting PoD curves, the MIMO multiplexing efficiency can be determined by comparing the PoD with the appropriate reference PoD curve at the 95% PoD level. We use here a reference corresponding to a hemispherical isotropic polarization-matched coverage for 2-bitstreams. So the reference is actually an ideal hemispherically isotropic two-port dual-polarized antenna with 100% efficiency and completely orthogonal polarizations for ports in whole hemispherical coverage.
The MIMO efficiency of both designs are shown in Fig. 3 versus frequency and the desired coverage in degrees. The coverage angle is here given as a polar angle from the center of the beam. Coverages corresponding to 30° and 60° are illustrated by circles in the coverage plots in Fig. 4 . The desired shape is to have the same coverage within the whole frequency band, and as high level as possible within the desired coverage angle. We see in Fig. 3 that, there is a drop in the 2-bitstream MIMO efficiency at 2.2 GHz in the previous design, and that is almost removed in the new design. In the improved case, the MIMO efficiency is around -10dBi with respect to the hemispherically isotropic reference, i.e. with 90˚ coverage cone. This means that 95% percent of the time, we have hemispherical coverage with at most 10 dB increased signal power compared to the hemi-isotropic reference. This is about 15dB improvement with respect to the previous antenna for this coverage.
Calculating relative received power of each bitstream for each AoA by using ZF-algorithm at receiver side, the 2-bitstream MIMO throughput coverage pattern can be plotted as shown in Fig. 4 . Note that, the two incoming waves have fixed orthogonal polarizations (horizontal and vertical). We see that for the previous design, the coverage degrades drastically for angular coverage larger than 60˚ at the middle frequencies. In the other hand, the new antenna has almost flat coverage over the whole hemisphere. Coverage is considered on a cone around the axis normal to the ground planes. 
IV. CONCLUSION
A new version of the self-grounded dual-polarized bowtie antenna was designed to cancel out the performance degradation in the middle of the band of a previous bowtie in terms of MIMO multiplexing efficiency coverage in Random-LOS.
